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Preface

This is the Second Edition of ANSI/CAN/UL/ULC 2039, Standard for Flexible Connector Piping for

Flammable a

nd Combustible Liquids.

ULSE is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO). ULC Standards is accredited by the
Standards Council of Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for

accreditation

of a Standards Development Organization.

This ANSI/G
approved in
Developmen
date of publig

Annex Ais id
Annex B, ide

In Canada, t

AN/UL/ULC 2039 Standard is under continuous maintenance, whereby eaq
compliance with the requirements of ANSI and SCC for accreditation of

ation, action to revise, reaffirm, or withdraw the standard shall be initiated.
entified as Normative, as such, form mandatory parts of this Standard.
htified as Informative, is for information purposes only.

here are two official languages, English and Freneh. All safety warnings must

and English.
markings an

This joint

supersedes, the First Edition of UL 2039 and the:Fourth Edition of ULC-S633.

Comments of proposals for revisions on any part of the Standard may be submitted at any tin
should be supmitted via a Proposal Reguest in the Collaborative Standards Development Sy
at https://csdp.ul.com.

Our Standar
should be al
those Stand4

This Edition
Containment]

Attention is drawn to the possibility that someCanadian authorities may requ
/or installation instructions to be in both official tanguages.

erican National Standard and National Standard of Canada is based

s for Safety are copyrighted by ULSE Inc. Neither a printed nor electronic copy
ered in any way,All of our Standards and all copyrights, ownerships, and rig
rds shall remain the sole and exclusive property of ULSE Inc.

of the_Standard has been formally approved by the Technical Commi
Sumps For Flammable And Combustible Liquids, TC 2247.

h revision is
a Standards

Organization. In the event that no revisions are issued for a period-of four ypars from the

be in French
ire additional

bn, and now

ne. Proposals
stem (CSDS)

of a Standard
hts regarding

tee (TC) on

This list represents the TC 2247 membership when the final text in this Standard was balloted. Since that

time, change

s in the membership may have occurred.
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INTRODUCTION
1 Scope

1.1 This Standard sets forth the minimum requirements for cover primary, secondary, and coaxial types
of flexible connector pipes intended for short length transfer and containment of the specific flammable
and combustible liquids (or vapors thereof) identified in this Standard, at commercial (public) or fleet
(private) automotive motor vehicle fueling stations or similar fuel dispensing applications, and piping
systems for fuel supply of generators, burners or similar equipment.

1.2 Flexible connector p|pes may be metall|c nonmetallic, or comp03|te but are limited to maximum 12 ft
(3 65 m) length ts within fuel
irlg automotive

connected to
50il fluids;

nd occasional

connected to

aboveground tanks or aboveground pipes with expected exposures to soil, water, spil fluids, and
sunlight.
1.3 Flexiblg connector pipes are intended for containment of automotive fuels and similar fuels or liquids
under the expected use conditions, and exposures that have similar chemical, physical|and material
compatibility|properties as represented in these, requirements based on fuels formulated ip accordance
with 40 CFR Part 80, Regulation of Fuels.and Fuel Additives, and meeting the following ASTM Fuel
Specifications and blend limitations. Refei-to Annex B (Informative) for a list of Standards|on fuels and
other liquids.
1.4 Producis covered by this Standard are intended to be installed and used in accordance with:
a) In fhe United Statés:
1) Flammable and Combustible Liquids Code, NFPA 30,
2) Code for Motor Fuel Dispensing Facilities and Garages, NFPA 30A,
’2) Uniform Fire (“nrln’ NEPA 1,
4) International Fire Code published by the International Fire Council, or
5) Other applicable federal and state regulations for piping.
b) In Canada:

1) National Fire Code of Canada;
2) CSA B139 Series, Installation Code for Qil-Burning Equipment; and

3) CCME PN 1326, Environmental Code of Practice for Aboveground and Underground
Storage Tank Systems Containing Petroleum and Allied Petroleum Products.
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1.5 These products are factory manufactured and intended for on-site field assembly, inspection, and
leak testing for the specified applications and use conditions by qualified persons in accordance with the

manufacturer's instructions and local requirements.

1.6 These products are intended to be periodically inspected and maintained for continue

d service, or

taken out of service if necessary, by qualified persons in accordance with industry recommended practices

and/or the manufacturer’s instructions.

1.7 These products have not been evaluated for use after natural disasters, fires or exposures to

chemicals not representative of the test liquids or excessive physical damage beyond t
assembly, installation and uses as identified in these requirements.

he expected

1.8 These products have not been evaluated for special use piping applications where expg
or continuouq physical abuses, excessive mechanical stresses; or environments that are, hig
or operate oufside of the expected ambient use temperature range for significant times.

1.9 These rgquirements do not cover underground piping products for liquid fuels, which arg
Standard for Nonmetallic Underground Piping for Flammable Liquids, UL 971 ‘or Outline of
for Metallic Underground Piping for Flammable Liquids, UL 971A, and, ULC-S679, Standar
and Nonmetd]lic Underground Piping for Flammable and Combustible Liguids.

1.10 These|requirements do not cover aboveground piping products for gaseous fuels (su
gas, liquefied| petroleum gas, propane, butane, etc.), which are found in the Standard for Fle
Hose, UL 534.

1.11 These frequirements do not cover fuel dispensingand vapor recovery hose, which arg
Standard for Hose and Hose Assembilies for Dispensing Flammable and Combustible Liquids
Standard for [Hose and Hose Assemblies for Use with Dispensing Devices for Dispensing
Gasoline/Ethanol Blends with Nominal Ethanol"Concentrations up to 85 Percent (E0-E85), UL
Standard for|Hose and Hose Assemblies_for Use With Dispensing Devices Dispensing
Biodiesel Fugl, Diesel/Biodiesel Blends:\With Nominal Biodiesel Concentrations Up To 20 P
Kerosene, and Fuel Oil, UL 330B.

2 General

2.1 Units of measurements
2.1.1 Values

approximate

b stated.without parentheses are the requirement. Values in parentheses are e
nfermation.

sed to heavy
nly corrosive;

e found in the
Investigation
 for Metallic

ch as natural
Xible Metallic

found in the
, UL 330, the
5asoline and
330A, or the
Diesel Fuel,
ercent (B20),

Kplanatory or

2.2 Referenced publications

221
be interpreted as referring to the latest edition of that code or standard.

2.2.2 The documents shown below are referenced in the text of this Standard:

40 CFR Part 80n, Regulation of Fuels and Fuel Additives

Any undated reference to a code or standard appearing in the requirements of this Standard shall

ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-

Coated (Galvannealed) by the Hot-Dip Process

ASTM D396, Standard Specification for Fuel Oils
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ASTM D471,

ASTM D975,

Test Method for Rubber Property — Effect of Liquids

Standard Specification for Diesel Fuel Oils

ASTM D1193, Standard Specification for Reagent Water

ASTM D3699, Standard Specification for Kerosine

ASTM D4806, Standard Specification for Denatured Fuel Ethanol for Blending with Gasoline for Use as
Automotive Spark-Ignition Engine Fuel

ASTM D4814

ASTM D579
Engines

ASTM D746]

ASTM D786
Ignition Engi

ASTM G153
ASTM G155

CCME PN 1
Containing R

CGSB-3.2, K
CGSB-3.3, K
CGSB-3.512
CGSB-3.516

CGSB-3.522

f,-Standara Spéwﬂcanaﬂ for ATutomotive SpEJR-JgH?UUH Englne Fuel

B, Standard Specification for Ethanol Fuel Blends for Flexible-Fuel Automotive

[, Standard Specification for Low Blend Biodiesel

p, Standard Specification for Butanol for Blending with Gasoline for Use as Auto
e Fuel

Operating Enclosed Carbon Arc Light Apparatus for Exposure of Nonmetallic M
Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic Materials

26, Environment Code of Practice for Aboveground and Underground Storage
etroleum and Allied Petroleum Products

eating Fuel Oil
erosene
Automotive Ethanol Fuel (E50-E85)
Denatured<Fuel Ethanol for Use in Automotive Spark-Ignition Fuels

DiesehFuel Containing Biodiesel (B6 — B20)

Spark-Ignition

motive Spark-

aterials

fank Systems

CGSB -3.52

I» PO H I /£ o Aiddla Nictllaota [ ol
, LIUUICovTT mriviraure iotndic 1 UtCTlro

CGSB-3.6, Off-Road Diesel Fuel

CSA B139 Series, Installation Code for Qil-Burning Equipment

CSA C22.2 No. 0.15, Adhesive Labels

International

National Fire

Fire Code

Code of Canada

NFPA 1, Uniform Fire Code
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NFPA 30, Flammable and Combustible Liquids Code
NFPA 30A, Code for Motor Fuel Dispensing Facilities and Garages
UL 330, Hose and Hose Assemblies for Dispensing Flammable and Combustible Liquids

UL 330A, Hose and Hose Assemblies for Use with Dispensing Devices for Dispensing Gasoline and
Gasoline/Ethanol Blends with Nominal Ethanol Concentrations up to 85 Percent (EO-E85)

UL 330B, Hose and Hose Assemblies for Use With Dispensing Devices Dispensing Diesel Fuel, Biodiesel
Fuel, Diesel/Biodiesel Blends With Nominal Biodiesel Concentrations Up To 20 Percent (B20), Kerosene,
and Fuel Oil

UL 536, Flexiple Metallic Hose

UL 797, Electical Metallic Tubing

UL 969, Markljng and Labeling Systems

UL 971, Nonmetallic Underground Piping for Flammable Liquids

UL 971A, Outline of Investigation for Metallic Underground Piping.for Flammable Liquids

ULC S679, Metallic and Nonmetallic Underground Piping for Flammable and Combustible Liquids

3 Glossary

3.1 For the purposes of this Standard, the following definitions apply.

3.1 ABOVE[GROUND - Physically loeated on or above the surface layer of earth; can e in contact

Lires or other

with/exposed
means to red

3.2 COAXIA
integral prim
communicatid

3.3 FLEXIB

to soil, water, air, and_ sunlight. Aboveground can include above grade enclos
iIce exposure to physical damage and the environmental conditions noted.

L CONNECTOR/PIPE (Coaxial) — A double wall connector pipe construction
bry and secondary connector pipes with a defined interstitial space that p
n and manitoring capabilities.

| E.CONNECTOR PIPE (Connector Pipe or Flex Connectors) — A maximum 1

consisting of
rovides fluid

2 ft (3.65 m)

long cylindri

al\thin-walled structure with integral end fittings designed for flexibility in co

ntaining and

conveying flammable and combustible liquids in applications identified in the intended scope of use.
Connector pipe types include primary, secondary and coaxial constructions.

3.4 FUELS - Typically those liquids identified in Annex B (Informative) that are dispensed in commercial
or fleet motor vehicle fueling stations for use in automotive engines (internal combustion or compression
ignition).

3.5 PRIMARY CONNECTOR PIPE (Primary) — A single wall connector pipe construction intended to
contain and convey the liquid flowing in a piping system under normal use. Primary connector pipe is
intended for long term continuous contact with the liquid.

3.6 QUALIFIED PERSON — A worker specifically trained by the manufacturer to perform proper
assembly and installation of its piping systems in the field in accordance with the specified instructions.
The qualified person is not required to be an employee of the manufacturer.
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3.7 SECONDARY CONNECTOR PIPE (Secondary) — A single wall connector pipe construction intended
to surround the primary, contain the liquid under abnormal conditions (such as primary rupture), and
provide fluid communication and monitoring capabilities.

3.8 SIZE (Pipe Size or Fitting Size) — Nominal or trade dimensions (inches or mm) of connector pipe and
fittings based on inside diameters or thread. NOTE: Nominal or trade sizes may not be equivalent to the
actual measurements.

3.9 SUMP — Accessible atmospheric enclosure located underground, typically below a dispenser, above
a tank, or at grade between tanks and dispensers, and designed to house pipe, connections, equipment
and contain spills.

3.10 SWIv
during norma

EL JOINT — A connection or joint designed to allow frequent rotational movems
| functional use.

nt of the pipe

3.11  UNDERGROUND - Physically located below the surface layer of earth_€ither in contact with soil
and soil fluid$ (direct burial) or routed in a secondary or chase pipe (indirect burial).

3.12 UNION JOINT — A connection or joint designed to allow rotational mevement of the pipe only during
assembly, ingtallation or maintenance.

CONSTRUCITION

4 General

4.1 Connegtor pipe is permitted to be constructed from any combination of materials, but shall be flexible
with a bend fadius of 2 ft (610 mm) or less, and shall be capable of field assembly and installation without

the use of sp

4.2 The tof]
connector pi
range.

4.3 Primary
(345 kPa). S
50 psig (345

4.4 Conneq
fueling comp

ecial equipment or tools unless these ‘are specified by the manufacturer.

Bl connector pipe length (pipeand fittings) shall not exceed 12 ft (3.65 m). Th
bing shall not exceed standard nominal trade sizes beyond a 0.5 — 4.0 in (12.

connector pipe-and the primary of a coaxial connector pipe shall be rated at
pcondary connector pipe and the secondary of a coaxial connector pipe shall be|
kPa).

tor piping shall be supplied with end fittings that are capable of assembly to
onents, such as threaded fittings, or bolted flanges, or weld/bond joints. Movi

P~ Y | N [T NPT NPTE DODT DONDOD

e diameter of
b to 102 mm)

least 50 psig
rated at least

fixed pipe or
g swivel and

raimilar
VT orrmiidar - U

mmon trade

union joints

- Baraaitt o thoe o h
TS POTTTmiCuU. AT YIipe uancaus oridilt VO INT T, INT 1T, DO T, DJT 1

types. All bolts, gaskets, and other components shall be supplied with the product.

4.5 All materials used in the construction of connector pipe and fittings shall be suitable for their intended
use locations with respect to normal (expected use within marked ratings) and abnormal (reasonable
foreseeable misuse) conditions in accordance with the required performance tests described in this
Standard.

4.6 Nonmetallics (polymers, elastomers, ceramics, etc.) used in the construction of connector pipe and
fittings shall be evaluated for long-term exposure compatibility to air, soil, water, ultraviolet light, and
internal and external fluids within the expected ambient use temperature range for underground, sump,
and/or aboveground use per 1.2.


https://ulnorm.com/api/?name=UL 2039 2023.pdf

12 ANSI/CAN/UL/ULC 2039 NOVEMBER 10, 2023

4.7 Metallics used in the construction of connector pipe and fittings shall be inherently corrosion resistant
(such as stainless steel, aluminum, brass), plated, or coated per 4.8, or evaluated for equivalent corrosion
resistance per 4.9. All metals shall comply with all applicable requirements in this Standard.

4.8 Corrosion resistant coatings or platings provided on metals (such as plain carbon steel) shall be
minimum designation Z275 (G90) (minimum 40 % zinc galvanizing on all sides) per ASTM A653/A653M.

4.9 Equivalent alternate corrosion protection methods shall be determined by an evaluation of coating or
plating in accordance with the method in UL 797, except with the visual corrosion comparison between
benchmark Z275 (G90) and alternate protection conducted after exposures to Table 11.1.

PERFORMANCE

5 General

5.1 Repress
the appropri

joint and gas
representativ

5.2 Critical

ntative production samples of each connector pipe type or compaonent’shall be]
e Performance Tests with sample variations of connector pipe type, design

et options are permitted in order to reduce the total number.of samples, prov
b of regular design, material and production methods.

limensions (such as diameter, thickness, corrugationy out of round, threads, b

subjected to
material, and

size as specﬂ‘ied in each test method. Special samples combining differentariations, such as end fitting,

ded they are

aids, etc.) of

10 random samples of each pipe type, construction, and size;. shall be measured before other tests are

conducted. A
a) Thi

b) Dia

| sample dimensions shall be within the manufacturer's quality control specificat
tkness of each sample shall be within £15.% of the test set average; and

Mmeters of each sample shall be within®10 % of the test set average.

5.3 The formula for calculated hoop stress; specified below, may be used to determine

sizes to redug
for a product
used to deter

in which:

Sis h(

e the number of specimens‘when testing homogeneous mono-layer pipe in all 1
range. In addition, analyzed data from the 6 Short Term Pressure Test sequg
Mine worst case samples for other specific tests.

_ P(D-1n
2t

op stress (psi or kPa),

ons, and:

"worst case"
ominal sizes
bnce may be

P is the breakdown pressure (psi or kPa) per 6.4,

Dis th

e average outside diameter (in or mm) per 5.2, and

tis the minimum wall thickness (in or mm) per 5.2.

Exception: The above formula may be modified or another engineering-based analysis used for multilayer
and non-homogeneous pipe to determine the worst case size in a product range.

5.4 Representative sample sizes for the Performance Tests are defined as either:

a) "AL

L" for all nominal or trade sizes within a manufacturer's product range;
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b) "WC" for worst case sizes per maximum average hoop stress per 5.3, or other analytical
method; or

c) As otherwise indicated in the specific test.

5.5 Representative worst case sample quantities for Long Term Compatibility and Permeation Tests shall
be based on the minimum thickness of interior or exterior materials in contact with the test fluids, and other
critical design parameters such as end fitting, joint or gasket options, location ratings, pressure ratings and
bend radius.

5.6 New samples may be used for each test except for the sequence of the Short Term Pressure Tests
(Leakage per 6.2, Hydrostatic per 6.3 and Breakdown per 6.4), which shall use the same sample and test

equipment a
used for mulf

5.7 Assem
manufacture
crimp pressu
are used, ea

5.8 Damag
(approximatg
of complying
results shall

successively higher pressures. If acceptable to the manufacturer, the same-s4
iple tests.

bly of all connector piping samples shall be conducted by a~gualified
-supplied components in accordance with the manufacturer's ,ifstructions (t
re or other critical assembly parameters). If multiple methods_of connecting pi
ch shall be evaluated.

a)

e shall be determined by visual examination with,the naked eye from
ly 3 ft (914 mm), of any critical sample or part aftertesting. The following items

and noncomplying results; however, final determmination of damage chara
pe based on manufacturer input before testing.orqualified by a specific test:

a) Mgtallic Piping and Fittings — discolorationor’minor dimensional change are @

exceg
corro

b) N¢
comp,
aren

5.9 Unless
at 21 16 °C (
50 +20 %) R

5.10 Unles
and aerostat

sive permanent deformation, crazing, cracking, splitting, braid failure, kinking, 3
sion or loss of corrosion protection arelnoncompliant examples;

nmetallic Flexible Piping and. Eittings — discoloration or minor dimensiona
iant, but major dimensional changes, cracking, splitting, bulging, collapse, and
bncompliant examples.

otherwise indicated.in.a specific test method, all tests shall be conducted with
0 +11 °F) or at normal ambient temperatures between 17 °C and 29 °C (65 °F a
H. All pressures.shall be measured with respect to gauge (psig or kPa).

5 otherwisé. indicated in a specific test method, hydrostatic tests shall be conduc
c tests'shall be conducted with air (or other inert gasses). In either case, precau

mple may be

berson using
hread torque,
e and fittings

arms length
are examples
cteristics and

ompliant, but
nd excessive

change are
delamination

working fluids
nd 85 °F) and

ed with water
tions shall be

used to preant personal injury.

5.11

For each of the eight groups of tests described in this section, the individual tests contained in the

subsections shall be performed in the sequence given, unless otherwise specified. For example, in
Section 7, Vacuum Tests, the sequence shall be Static Vacuum Test followed by Cyclic Vacuum Test.

6 Short Term Pressure Tests

6.1

6.1.1

General

tested in a continuous sequence on the same sample, in accordance with the:

a) Leakage Test per 6.2;

b) Hydrostatic Test per 6.3; and

Sets of three 3 ft (914 mm) lengths of each type, construction, and size of connector pipe shall be
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c) Breakdown Test per 6.4.

6.1.2 All connector pipes evaluated are to be filled with water (with or without antifreeze as required)
before applying the test pressures hydrostatically. The test sequence shall start at 0 psig (0 kPa) and
gradually increase at:

a) 10 £5 psig/min (69 £35 kPa/min) for pipe rated less than 50 psig (345 kPa), or

b) 100 +20 psig/min (690 +138 kPa/min) for pipe rated 50 psig (345 kPa) or more.

6.1.3 There shall be at least a 5 min pause at each test level (except when completing the Breakdown
Test, 6.4) when the samples are to be visually examined for damage and leakage. Filling and sealing the
primary of a doaxial connector pipe is permitted when testing the secondary to prevent implos|on.

6.1.4 All safnples used for the Short Term Pressure tests shall be tested hydrostatically! Alt
aerostatic m¢thod or combined hydrostatic/aerostatic method may be used if found su
hydrostatic method to accurately determine leakage. Leakage is to be detected by visual exa
the aid of dygs, leak solution, blotting paper, bubble submersion, or any other-accurate an
method.

ernatively, an
berior to the
Mmination with
d repeatable

6.2 Leakagp test

6.2.1 Conngctor pipe of all types, constructions, and sizes shall be subjected to the Leakage Test while

at the followir
a)Alg
b) Lab

c) Hig

6.2.2 Thel

or any noncoimplying damage (see 5.8)-while the samples are pressurized.

6.3 Hydros

6.3.1 Follow
subjected to {

a)Alg

g test temperatures for at least 1 h:
w temperature of -30 £2 °C (-22 3.6 °F),
temperature range of 22 +2 °C (72 £3:6 °F),

N temperature of 50 £2 °C (122 £3:6 °F).

pbakage test pressure shallhbe’at least twice the rated pressure, and there shall b

atic test

ing the Leakage test, 6.2, connector pipe of all types, constructions and s
he Hydrostatic test while at the following test temperatures for at least 1 h:

w temperature of -30 £2 °C (-22 3.6 °F),

e no leakage

zes shall be

b) Lab

temperature range of 22 £2 °C (/2 £3.6 °F),

c) High temperature of 50 +2 °C (122 £3.6 °F).

6.3.2 The hydrostatic test pressure shall be at least five times the rating. There shall be no leakage (but

damage is ac

ceptable) while the samples are pressurized.

6.4 Breakdown test

6.4.1
subjected to t

he Breakdown test while at the following test temperatures for at least 1 h:

a) A low temperature of -30 +2 °C (-22 £3.6 °F),

b) Lab temperature range of 22 +2 °C (72 +3.6 °F),

Following the Hydrostatic test, 6.3, connector pipe of all types, constructions and sizes shall be
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c¢) High temperature of 50 +2 °C (122 +3.6 °F).

6.4.2 The test pressure is to be gradually increased at the rates specified in (6.1.2) until severe leakage,
rupture or burst occurs. The type and location of breakdown or other significant damage shall be recorded
along with the breakdown pressure for use in comparing with retention values in this and other tests.

6.4.3 The average breakdown pressure values for high temperature and low temperature sample sets
shall not be less than 10 times the rated pressure, or 70 % of the average lab temperature sample set. The
average breakdown pressure values of each temperature set shall not deviate more than +20 % from the
average of all three temperature sets.

7 Vacuum Jests

7.1 Generdl

7.1.1 Sets of connector

pipe specifie

pf three 3 ft (914 mm) lengths of each type and construction in worst‘case sizes
] in each method shall be tested in accordance with:

a) Stgtic vacuum test per 7.2, and

b) Cytlic vacuum test per 7.3.

7.1.2 Vacu
be conducte
dyes, leak sd

7.2 Static \

7.21 Each
Static Vacuu

7.2.2 Allsg
by a repeat L

7.2.3 Thes
of the breakd
and/or 200 ¢
least 10 tim
whichever is

m Tests shall use air as the test fluid, and unless otherwise specified, the leak
using water as the test fluid. Leakage shall be-detected by visual examination V
lution, blotting paper, bubble submersion or any other accurate and repeatable

racuum test

type and construction of connector pipe in worst case samples shall be suh
M Test while operating at a lab.temperature of 22 +2 °C (72 £3.6 °F).

mples shall be subjected-to a static vacuum of at least 25 in (635 mm) Hg for 10
eakage Test per 6.2,%and Breakdown Test per 6.4.

amples shall net. be damaged after the static vacuum or leak after pressurizing

sig (1379kPa) for secondary, with the average of the breakdown pressure v3
bs the\rated pressure, or 70 % of the as-received lab temperature breakdo
greatest.

age test shall
vith or without
nethod.

jected to the

min followed

The average

own pressure*values for each sample set shall be at least 250 psig (1724 kPa) for primary,

lues being at
wn pressure,

7.3 Cyclic vacuum test

7.31

6 °F).

Samples shall be subjected to the Cyclic Vacuum Test while operating at a lab temperature of 22
2 °C (72 3.

7.3.2 All samples shall be subjected to alternating pressure cycles (min 1 s at 0 and min 5 s at rated
vacuum) applied at 4 to 6 cycles/min for 250,000 cycles followed by a repeat Leakage test per 6.2, and
Breakdown test per 6.4.

7.3.3 The samples shall not be damaged after cyclic vacuum or leak after pressurizing. The average of
the breakdown pressure values for each sample set shall be at least 250 psig (1724 kPa) for primary
and/or 200 psig (1379 kPa) for secondary, with the average at least 10 times the rated pressure, or 70 %
of the as-received lab temperature breakdown pressure.
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8 Physical Abuse Tests

8.1 General

8.1.1 Samples of each connector pipe type, construction, and size as indicated in each method shall be
tested in accordance with the following:

a) Drop test per 8.2 for all pipes,
b) Impact test per 8.3 for all pipes,

c) Puncture test per 8.4 for all pipes,

d) Fitti

e) Pip
f) Teng

hg torque test per 8.5 for all pipes,
b torque test per 8.6 for all pipes,
ion test per 8.7 for all pipes,

g) Cor

hpression test per 8.8 for all pipes, and

h) Bending test per 8.9 for all pipes.
8.1.2 After_n;ach Physical Abuse Test, all samples shall be subjected to the Leakage Test| per 6.2 and
Breakdown Tlest per 6.4, at lab temperature only. Water shall be used as the test fluid fo determine
compliance. lLeakage shall be detected by visual examination with or without dyes, leak soldtion, blotting
paper, bubblg submersion or any other accurate and repeatable method.

8.2 Drop tept

8.2.1 One
subjected to
13.6 °F) for a

qget of three 6 ft (1.83 m) samples of each connector pipe in worst case si

L ft (1.22 m) drops at 50 +2,°€ (122 £3.6 °F) and -30 2 °C (-22 +3.6 °F) [or 4
h optional "Severe LT" (Severe Low Temperature) rating], each followed by a vis

8.22 Allsa
with the drop
temperature,

ples shall be dropped on a flat concrete surface after reaching the specified t
height measured\from the sample target area. One sample shall be dropped th
at target areas of the pipe center, end fitting, and pipe near the fitting respectiv

zes shall be
0 +2 °C (-40
al exam.

emperatures,
ree times per
bly. Adjusting

the pipe orientation to hit,the targeted areas is permitted.

8.2.3 The samples-shall not be damaged after dropping or leak after pressurizing. The ayerage of the
breakdown pfessire values for each sample set shall be at least 250 psrg (1724 kPa) (prlrnary) and/or
200 psig (139 , beiflg at least 10
times the rated pressure, or 70 % of the as- recelved lab temperature breakdown pressure, whichever is
greatest.

8.3 Impact test

8.3.1 One set of three 6 ft (1.83 m) samples of each connector pipe in worst case sizes shall be
subjected to 6 ft-Ibf (8.1 J) impacts at 50 +2 °C (122 +3.6 °F) and -30 +2 °C (-22 +3.6 °F) [or -40 £2 °C (-40
+3.6 °F) for an optional "Severe LT" (Severe Low Temperature) rating], each followed by a visual exam.

8.3.2 All samples shall rest on a hard surface and be impacted with a 2 in (51 mm) OD steel ball after
reaching the specified temperatures, with the impact height measured from sample target area. One
sample shall be impacted three times per temperature, at target areas of the pipe center, end fitting, and
pipe near the fitting respectively. Use of a ball guide to hit the target areas is permitted.
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8.3.3 The samples shall not be damaged after impacting or leak after pressurizing. The average of the
breakdown pressure values for each sample set shall be at least 250 psig (1724 kPa) (primary), and/or
200 psig (1379 kPa) (secondary), with the average of the breakdown pressure values being at least 10
times the rated pressure, or 70 % of the as-received lab temperature breakdown pressure, whichever is
greatest.

8.4 Puncture test

8.4.1 One set of three 3 ft (914 mm) samples of each connector pipe in worst case sizes shall be
subjected to 15 Ib (6.8 kg) point load for 1 h at 50 £2 °C (122 +£3.6 °F) and -30 £2 °C (-22 +3.6 °F), each
followed by a visual exam.

8.4.2 All sgmples shall rest on a hard surface, and the point load shall be applied at'th
perpendiculdr to the surface through a 0.20 in (5.0 mm) diameter steel shaft with a-0:04
diameter tip and 30° edge. New locations shall be tested at each temperature.

8.4.3 The sample containment wall shall not be punctured or leak after pressurizing. The 3

breakdown
200 psig (1
times the ra
greatest.

8.5 Fitting

8.5.1 One s
fittings or fla
the manufag
+3.6 °F) and

8.5.2 The j
breakdown ¢
psig (1379 k
the rated pr
greatest.

ressure values for each sample set shall be at least 250 psig (1724 kPa) (pri

e pipe center
in (1.0 mm)

verage of the
mary), and/or

9 kPa) (secondary), with the average of the breakdown pressure values being at least 10

d pressure, or 70 % of the as-received lab temperature-breakdown pressure

torque test

bet of three 3 ft (914 mm) samples of each.connector pipe in worst case sizes
nge bolts shall each be connected to mating Schedule 40 steel pipe or bushin
turer's recommended torque, with one“end of each sample assembled at 5
-30 £2 °C (-22 £3.6 °F) respectively:!

amples shall not leak whenlsubjected to test torques or pressures. The a
ressure values for each,sample shall be at least 250 psig (1724 kPa) (primary
Pa) (secondary), with the-average of the breakdown pressure values being at |
pssure, or 70 % of\the as-received lab temperature breakdown pressure,

8.6 Pipe torque test

8.6.1 One 4
connected td

bet of three 3 ft (914 mm) samples of each connector pipe in worst case sizes

whichever is

with threaded
y at 1.5 times
) +2 °C (122

erage of the
), and/or 200
past 10 times
whichever is

shall each be
en be twisted

90° through

a«mating Schedule 40 steel pipe or bushing. The longitudinal pipe axis shall th
4 + o + o + o + o

ctively.

8.6.2 The samples shall not leak when subjected to test torques or pressures. The average of the
breakdown pressure values for each sample shall be at least 250 psig (1724 kPa) (primary), and/or 200
psig (1379 kPa) (secondary), with the average of the breakdown pressure values being at least 10 times
the rated pressure, or 70 % of the as-received lab temperature breakdown pressure, whichever is
greatest.

8.7 Tension test

8.7.1 One set of three 3 ft (914 mm) samples of each connector pipe in worst case sizes shall be
connected to mating fittings. The longitudinal pipe axis shall then be subjected to a 500 Ib (227 kg) tension
load applied through the end fittings for 1 min at 50 +2 °C (122 +3.6 °F) and -30 +2 °C (-22 3.6 °F)
respectively.
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8.7.2 The samples shall not leak when subjected to test loads or pressures. The average of the
breakdown pressure values for each sample shall be at least 250 psig (1724 kPa) (primary), and/or 200
psig (1379 kPa) (secondary), with the average of the breakdown pressure values being at least 10 times
the rated pressure, or 70 % of the as-received lab temperature breakdown average breakdown pressure,
whichever is greatest.

8.8 Compression test

8.8.1 One set of three 3 ft (914 mm) samples of each connector pipe in worst case sizes shall be
connected to mating fittings. The pipe center and end sleeve shall then be subjected to separate 500 Ib
(227 kg) compression loads applied through 3.0 in (7.6 cm) wide flat metal plates for 1 min at 50 +2 °C

(122 +3.6 °F)

and -30 +2 °C (-22 +3.6 °F), respectively

8.8.2 The s
breakdown p
psig (1379 kR

amples shall not leak when subjected to test loads or pressures. The, lav
essure values for each sample shall be at least 250 psig (1724 kPa) (primary
a) (secondary), with the average of the breakdown pressure values)being at I¢

the rated prgssure, or 70 % of the as-received lab temperature breakdown)pressure,

greatest.
8.9 Bendin

8.9.1 One g
connected to
minimum rad
Mandrels are

8.9.2 Thes
the breakdow
200 psig (13]

j test

et of three 3 ft (914 mm) samples of each conneector pipe in worst case s
mating fittings, then subjected to bending at 1:5 times below the manufactu
us for at least 1 min at 50 +2 °C (122 +3.6 ¢F) and -30 +2 °C (-22 +3.6 °F),
not permitted to maintain the pipe arc.

bmples shall not kink or leak when subjected to the bend arc or pressures. Th
n pressure values for each sample 'shall be at least 250 psig (1724 kPa) (prir
[9 kPa) (secondary), with the average of the breakdown pressure values bein

times the rat@d pressure, or 70 % of the as-received lab temperature breakdown pressure,

greatest.

9 Cyclic Use Tests

9.1 Genera

9.1.1 Sets
method shall

f three samples of each connector pipe type, construction, and size as indic
be tested’in accordance with the:

a) Vib

brage of the
, and/or 200
past 10 times
whichever is

zes shall be
rer's marked
respectively.

e average of
nary), and/or
g at least 10
whichever is

ated in each

ation test per 9.2 for all pipe types;

b) Surge test per 9.3 for all pipe types;

c) Flex test per 9.4 for all pipe types; and

d) Swi

vel test per 9.5 for all pipe types with swivel joints.

9.1.2 After each Cyclic Use test, all samples shall be subjected to the Leakage Test per 6.2 and
Breakdown Test per 6.4 at lab temperature only. Water shall be used as the test fluid to determine
compliance. Leakage shall be detected by visual examination with or without dyes, leak solution, blotting
paper, bubble submersion, or any other accurate and repeatable method.
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9.2 Vibration test

9.2.1 One set of three 3 ft (914 mm) long samples of each connector pipe in worst case sizes shall be
connected at end fitting(s) to suitable test equipment, then subjected to a continuous vibration per 9.2.2
while at rated pressure.

9.2.2 All samples shall be tested at a 1/2 cycle amplitude of 0.075 +0.005 in (1.91 £0.13 mm) for a total
displacement of 0.15 +0.02 in (3.81 £0.05 mm) at a frequency of 950 +50 cycles/min for 300 h. Samples
shall be filled with water to rated pressure, sealed, then fixed at the end(s) on the vibration table in different

orientations,

so only one plane of motion is possible per sample:

Sample 1—(
Sample 2 —(

Sample 3 —
(both ends

9.2.3 The 3
breakdown ¢
psig (1379 k
the rated pr
greatest.

plane)l onaitudinal axis narallel to disnlacement:
g 7 1) 1 1 v

Y plane) Longitudinal axis perpendicular to displacement; and

Z plane) Pipe at minimum bend radius with the upward arc perpéndicular to
ay be fixed).

amples shall not be damaged after vibration or leak after, pressurizing. The a
ressure values for each sample shall be at least 250 psig (1724 kPa) (primari
Pa) (secondary), with the average of the breakdown pressure values being at |
pssure, or 70 % of the as-received lab temperature breakdown pressure,

9.3 Surge fest

9.3.1 One{
pipe in worst
cyclic pressu

9.3.2 Theqp
15 10 psig

and high cyc
the different

Sample 1 -2

Sample 2 — 2

et of three 3 ft (914 mm) long samples, of each primary connector pipe or prima
case sizes shall be connected at end fitting(s) to suitable test equipment, then 5
re surge per 9.3.2.

rimary of each sample shall*be subjected to 200,000 cycles of hydrostatic press
103 69 kPa) and 250 psig (1724 kPa) at 4 to 10 cycles/min, with approximately
e points. Samples-shall be filled with water, sealed, and coupled to the test ap
brientations and-forces below:

0 Ibf (89 N\ tension applied to the straight pipe length;

0 Ibf{89 N) compression applied to the straight pipe length; and

displacement

verage of the
y) and/or 200
past 10 times
whichever is

y of a coaxial
subjected to a

ures between
1 s at the low
baratus under

Sample 3 —

hite bentatthe Tmanufacturers minimu bend Tadius:

9.3.3 The samples shall not be damaged after surge pressurization or leak after pressurizing. The
average of the breakdown pressure values for each sample shall be at least 250 psig (1724 kPa) (primary)
and/or 200 psig (1379 kPa) (secondary), with the average of the breakdown pressure values being at least
10 times the rated pressure, or 70 % of the as-received lab temperature breakdown pressure, whichever is
greatest.

9.4 Flex test

9.4.1 One set of three 3 ft (914 mm) long samples of each connector pipe in worst case sizes shall be
connected at end fitting(s) to suitable test equipment, then subjected to a cyclic force per 9.4.2.
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9.4.2 All samples shall be subjected to 50 cycles of flexing the pipe at a rate between 6 and 10
cycles/min over the full range of motion to be evaluated. Samples shall be filled with water, sealed, fixed at
one end under the different orientations and subjected to the cycles below:

Sample 1 — 0.5 in (12.7 mm) displacement of the pipe length;

Sample 2 — +30° twisting perpendicular to the pipe length; and

Sample 3 — +45° arc at the manufacturer's minimum bend radius.

9.4.3 The samples shall not be damaged after flexing or leak after pressurizing. The average of the

Z23 4 1D

breakdown p
psig (1379 kK

the rated prgssure, or 70 % of the as-received lab temperature breakdown presSure,

greatest.

9.5 Swivel joint test

9.5.1 Ones
in worst case|
cyclic joint sw

9.5.2 Allsa

cycles/min oy
fixed at one ¢

Sample 1-2
Sample 2 -2
Sample 3 - W

9.5.3 Thes
breakdown p
psig (1379 kR
the rated pres

10 Short-Térm Compatibility Tests

) (}JI ;Illaly
a) (secondary), with the average of the breakdown pressure values being at’ld

l £, la 1 laall o | el daY + L4
CoouUlT vVAlUuUTo TUT TAUIT odlTiPIc oTidil VT dU 1TCdol 2JU PoIy (17125 Rihd

bt of three 3 ft (914 mm) long samples of each swivel type connector pipe with fU
sizes shall be connected at end fitting(s) to suitable testlequipment, then be s
ivel per 9.5.2.

er the full joint range, but not less than 180°. Samples shall be filled with water
nd under the different orientations and forces-below:

D Ibf (89 N) tension applied to the joint;
D Ibf (89 N) compression applied.to joint; and
hile bent at the manufacturer's minimum bend radius.

bmples shall not besdamaged after swiveling or leak after pressurizing. The a
essure values for-each sample shall be at least 250 psig (1724 kPa) (primary
a) (secondary), with the average of the breakdown pressure values being at I¢
sure, or 70 of the as-received lab temperature breakdown pressure, whichever

, and/or 200
bast 10 times
whichever is

nctional joint
Libjected to a

mples shall be subjected to 100,000 cycles of working the swivel joint at a rafe of 10 — 30

sealed, and

erage of the
, and/or 200
past 10 times
is greatest.

10.1

10.1.1
subjected to t

General

he following:

a) UV exposure test per 10.2 for nonmetallic pipe;

b) Metallic stress test per 10.3 for metallic fittings;

¢) Nonmetallic stress test per 10.4 for nonmetallic pipe.

Samples of each connector pipe type, construction, and size as indicated in each method shall be

10.1.2 Representative "worst case" samples may be used for pipe and fittings if materials, thickness, and

process are C

onsistent between nominal sizes or fitting types (straight, elbow or tee).
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10.2 UV exposure test

10.2.1 Two 12 in (305 mm) samples of connector pipe designed with exposed nonmetallic exterior
materials in representative worst case sizes, shall be subjected to either of the test methods below at a
cycle rate of 17 min light and 3 min water. One sample shall be straight and the other bent to the

manufacturer's minimum bend radius.

a) 360 h (underground rating), 540 h (sump rating) or 720 h (aboveground rating) using the
Apparatus and Procedures of Test Method 1, per ASTM G153; or

b) 500 h (underground rating), 750 h (sump rating) or 1000 h (aboveground rating) using the
Apparatus and Procedures of Test Method A, per ASTM G155.

10.2.2 Follg
repeat Leaks

10.2.3 The
pressure val
with the aver

10.3 Metallic stress crack test

10.3.1 For
15 % zinc (e
mixture of m
heated water

10.3.2 Al {
recommends

10.3.3 Follg

fittings shall pot show any evidence of cracking, crazing, or similar damage.

10.4 Nonni

10.4.1 For
(305 mm) Ig
nonylphenol
bath or oven

wing the UV exposure, samples shall be examined for damage and thén -s
ge Test per 6.2 and Breakdown Test per 6.4.

samples shall not be damaged after UV exposure or leak after pressurizing. Ea
e shall be at least 250 psig (1724 kPa) (primary), and/or 200 psig (1379 kPa
age at least 70 of the as-received lab temperature breakdown\pressure.

connector pipe constructed with threaded end fittings or bolted flanges contg
kcluding platings), one worst case fitting in all;sizes shall be exposed to a mois
nimum 20 US fl oz (600 mL) of 0.94 spg aquedus ammonia for 10 days at 34 °
bath or oven.

itting samples shall be grease-fregy assembled with steel plugs at the n
d torque, and positioned above the ammonia in a suitable container.

wing the exposure, the samples are to be visually examined without magnificat

etallic stress crack-test

connector pipe’ constructed with polyethylene (any type or percentage blen
ng section-of worst case pipe in all sizes shall be exposed to a 10 % poly
(Type CO-630 IGEPAL) water solution for 180 h at 60 +2 °C (140 +3.6 °F) in a

Lbjected to a
th breakdown

(secondary),

ining at least
ammonia-air
C (95 °F)ina

anufacturer’s

on tools. The

), one 12 in

-oxyethylated
heated water

NOTE : IGEPAL

is a Trade Mark of Rhodia Operations.

10.4.2 All pipe samples shall be cleaned, bent to the manufacturer’'s minimum bend radius, and

immersed in

the IGEPAL test solution.

10.4.3 Following the exposure, the samples are to be visually examined without magnification tools. The
pipe shall not show any evidence of cracking, crazing, or similar damage.

11

1.1

Long-Term Compatibility Tests

Sets of at least three samples in 18 in (457 mm) lengths of all connector pipe types and

constructions in representative worst case sizes for each exposure liquid and time period shall be
subjected to the liquids and exposures specified in Table 11.1 and Table 11.2 to simulate long term
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compatibility to intended fuels and expected soil and environmental fluids. No materials, regardless of

chemical resis

tance or corrosion resistance, shall be exempt from this test.

Table 11.1
Compatibility Test Liquids

External soil and environmental test fluids at 40 °C (104 °F)

Flammable and combustible test fuels at 40

°C (104 °F)

conditions to ol
with service pe

2 — ASTM Refe
shall be Grade

tain observable deterioration in a reasonable time period. This acCelerated test does not give a dired
formance. However, this method of testing yields comparative data'6n which to evaluate the product,.

D2 S15.

pH 3.0 sulfuric acid Required Test Liquids
1 % hydrochloric acid? F75/B25a°®
1 % nitric acid® F25/B75a°
pH 12 sodium Hydroxide C/75/E25a"
pH 10 sodium darbonate/bicarbonate® C15/E85a°
Saturated sodiym chloride Optional Test Liquids as Requested by the Manufacturer, such
Distilled water® as:
istilled water B100a, Fuel Oil #6 @xx°C, M108,.E100, or otherl flammable
and combustible liquids
Air at 70 °C only for connectors with nonmetallic components
NOTES
1 — Test paramgters, such as temperature and concentrations of media, are increas€d in severity over those of nornpal operating

ence Fuel C and F are described in ASTM D471. Fuel C is a.50/50 mixture of Iso-Octane and Tolue

t correlation

he. Fuel F

@ Percentage b
® A pH 10 is obf
meter shall be |

¢ Distilled waten
described for T

4 The chemical
UL B100 and F

¢ The chemical
FuelCandE =

f Other flammal

added to a man|

pined by mixing 10.6 grams per liter of sodium carbonate and 8.4 grams per liter of sodium bicarbon

formulation of UL B100 aggressive biodiesel as a test fuel component of F75/B25a can be found in A
= ASTM Ref Fuel F.
formulation for aggressive alcohols used in mixing C75/E25a and C15/E85a is found in Annex A. C 1
Ethanol.
le and combustible liquids-(for which the test fuels in Annex B are not considered to be sufficient or applicable) that
can be demons}rated or deemed to-be.compatible with the flexible connector pipe materials as determined by the cg
ufacturer’s listing.

weight.

sed to measure and adjust ratio of sodium carbehate to sodium bicarbonate to obtain a pH of 10.

having a maximum total matter of 2.0 ppm ‘and a maximum electrical conductivity of 5.0 uQ/cm at 24
pe IV grade reagent water in the ASTM,D1193.

hte. A pH

°C (77 °F), as

nnex A. B =

ASTM Ref

rtifier may be

11.2 The eX
shall be 120
effectiveness

posure(time period for each compatibility test liquid sample set at the elevated

d. Additional time periods requested by the manufacturer to evaluate samplg
or'to’obtain analytical prediction data are not prohibited.

temperature

b preparation

11.3 Prior to testing, the samples are to be preconditioned (at lab temperature only) to simulate expected
transport, assembly, installation, and use physical abuses by subjecting the connector pipe sequentially to

the following t
a) Dro
b) Imp

¢) Pun

ests:
p test per 8.2;
act test per 8.3;

cture test per 8.4; and

d) Bending test per 8.9, except at the rated minimum bend radius.

Exception: Drop, impact, and puncture preconditioning may be waived if there is no evidence of abuse on

the design after initial test results, verified by:
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a) No evidence of noncompliant damage after the test, and

b) At least 10 times the rated pressure, or 80 % average breakdown value retention.

11.4 All samples shall have surfaces exposed as specified in Table 11.2. Except air oven, all samples
shall be exposed to both liquid and vapor phases by filling or immersing approximately half the sample
with/in the test liquids, and vertically storing during the exposure time. End plugs or caps and sealing
materials shall be compatible with the test liquid(s) to provide leak-tight containment.

NOTE: samples may be periodically checked for loss of liquid (absorption or permeation), and topped off if
necessary to maintain the original levels.

Table 11.2
Exposed Surfaces for Test Samples
Connector pipe type Test fuels Soil fluids Air pven
Primary All PE All
Secondary All SE All
Coaxial All SE All
NOTES

Pipe containment type — P = Primary and S = Secondary

Exposed surfapes — | = Interior, E = Exterior and all surfaces

Samples may pintain the

original levels.

be periodically checked for loss of liquid (absorption or peérmeation), and topped off if necessary to m

11.5 All sarn
the indicated

nple exposures specified in Table 1.2 are to be maintained over the entire test
temperatures +2 °C (3.6 °F)wsing a water bath, ambient room, or equivalen

exposures amnd an air circulating oven for all.air exposures.

11.6  Follow
towel dried, 4
fittings and jd
are conductg

11.7 Follow
described in
followed by L

ing each exposure time“period, each set of samples are to be drained of an
nd visually examingd\for damage within 2 h of extraction from the test liquids. C
ints shall not be femoved or reassembled before repeating of Physical Abuse
d.

ing each.eXposure time period, after the exposure sample preparation and
11.6,-and within 16 to 32 h after extraction from the test liquids, Physical

lime period at
[, for all liquid

y test liquids,
pnnector pipe
[ests per 11.7

visual exam,
Abuse Tests,

eakage Tests per 6.2, and Breakdown Tests per 6.4, are to be conducted at la

only. The ph

sical abuse tests shall be conducted on the samples as follows:

tI) temperature

a) Tension Test per 8.7, on sample 1;

b) Compression Test per 8.8, on sample 2; and

¢) Bending Test per 8.9, on sample 3.

11.8 Following the test sequence, each sample shall not leak after pressurizing. The breakdown
pressure values of each sample shall be at least 250 psig (1725 kPa) for primary and/or 200 psig (1380
kPa) for secondary, with an average of at least 10 times the rated pressure, or 70 % of the as received
breakdown pressure.

11.9 Following the exposures, there shall be no severe corrosion or excessive loss of protective
coatings.
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12 Fire Test
12.1 One 3 ft (914 mm) sample of all connector pipe types in worst case sizes shall be subjected to the

hydrocarbon pool fire described in 12.2 through 12.4 for 30 min (aboveground rated) or 15 min (sump
rated) while filled with water at rated pressure. A repeat of Leakage test per 6.2 shall then be conducted.

12.2 The sample shall be capped/plugged at one end and connected to a metal pipe or tube with a
shutoff valve, pressure gauge, pressure regulator or equivalent means at the other end to maintain the
rated pressure throughout the fire exposure. The sample shall then be centered and supported 4 in
(100 mm) above the rim of a steel liquid-tight fire pan, approximately 20 in (500 mm) ID by 6 in (150 mm)
deep, so that one end fitting, and joints and at least 1/2 of the pipe length, or 20 in (500 mm), whichever is

longer, is exp

nsed to the flame

12.3 After th
shall be ignite

for 30 min. Water may be used as a buffer for the delivery of additional kerosene-through a

the bottom of
steam remov

12.4 When
that does not
for damage b

12.5 The s4

13 Interstit

13.1
to minimum
communicatid

a) Fiel
b) Cod

Exception: C
primary and 3

A minifnum 6 ft (1.83 m) length of the pipe\types below in worst case sizes and fittings

e sample is positioned and pressurized, 1 US gal (3.8 L) of commercial grade k
d in the fire pan, followed by additional amounts of kerosene, as needed, to ma

the pan with a control system. The pressure shall be monitored-with water ad
bd as needed to maintain the pressure within £5 % of the rated.value.

he test reaches the required time, the fire shall be extinguished using an approp
damage the sample. After cooling to lab temperature, the sample shall be visug
efore repeat leak testing.

mples shall not leak during the fire test or aftefthe repeat leakage test.

al Communication Test

n rate. A 90° elbow on one end shall be used to add the test liquid.
d-use combinations of primary and secondary connector pipe; and

xial connector pipes:

bnnector pipes-with a continuous interstitial space of at least 0.10 in (2.5 n
econdarypipe walls and fittings are exempt.

13.2 The s4g

interstitial space at the elbow with a hydrostatic head not exceeding 6 in (152 mm). The t

mple ‘on a flat surface shall be bent to the minimum rated radius, with water

erosene (K1)
ntain the fire
metal tube at
usted and/or

riate method
Ily examined

with respect

interstitial space, shall be subjected to the test described in 13.2 to fneasure the

nm) between

added to the
me between

introduction a

nd exit of the test liquid at opposite ends of the pipe shall be measured.

13.3 The calculated communication rate (distance/time) shall not be less than 2 ft/h (63 cm/h).

MANUFACTURING AND PRODUCTION TESTS

14 General

14.1

All connector pipe and components shall be subjected to material, process, construction, and

performance checks by the manufacturer to adequately control the quality of the products. Material checks
shall include pre-process acceptance of raw materials and post process evaluations of critical properties.
Process checks shall include process parameters (such as time, temperature, pressure, or other machine
settings). Details of the manufacturer's quality control program shall be documented.
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